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In recent years, there has been a growing interest in the study of white matter anatomy. The development of diffusion tensor imaging for in vivo tractography5,15,18 
and the renewed interest in postmortem dissections, usu-
ally performed by neurosurgeons,14,22,29 have both con-
tributed to this evolving branch of neuroanatomy. Hodo-
topy, the study of white matter connectivity, is of great 
importance, not only for a better understanding of brain 
functioning but also to tailor the surgical approach to the 
individual functional anatomy of each patient.8
This article focuses on the pioneering work in neu-
roanatomy, and white matter anatomy in particular, per-
formed by Raymond de Vieussens (1641–1716), a French 
anatomist and medical doctor from the University of 
Montpellier. His first publication, the Neurographia Uni-
versalis,32 is still regarded as one of the most important 
contributions to the field of neuroanatomy of the 17th 
century. Surprisingly little attention has been paid to the 
historical role of Vieussens,7 and there is no readily avail-
able study in the literature dedicated to reviewing his con-
tribution to the study of white matter anatomy.
The Life and Times of Raymond de Vieussens
Raymond de Vieussens was born in 1641 in the city 
of Le Vigan in southern France (Fig. 1). There is, however, 
some uncertainty regarding his birth, with some authors 
citing 1635 as his year of birth.13,19,25 He studied philoso-
phy at Rodez in France before moving to Montpellier, 
where he embraced anatomical research and medicine. 
He completed his studies and graduated in medicine from 
the University of Montpellier in 1670. After graduation, 
he was appointed as physician to the Saint-Eloi hospital in 
Montpellier. There, he devoted “ten years of hard work” 
to the study of the nervous system that eventually led to 
the publication of the Neurographia Universalis in 1684.32 
This first work was well accepted by the European medi-
cal community as one of the most complete descriptions 
of the nervous system of his time. It also brought Vieus-
sens recognition both in France (where he was appointed a 
member of the Academy of Sciences of Paris) and abroad 
(he became a fellow of the Royal Society of London). A 
few years later, in 1688, he was introduced to King Louis 
XIV, whose long reign formed the background of Vieus-
sens’ entire life. It seems that he was highly appreciated by 
the royal family.19,25 The king himself granted Vieussens an 
annual pension of 1000 livres, leaving him at the same time 
the freedom of continuing to practice the medical profes-
sion. A cousin of Louis XIV, the Duchess of Montpensier, 
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appointed Vieussens as her personal physician. During the 
following years, Vieussens continued to work at Saint-Eloi 
Hospital, where he developed an interest in the study of 
heart anatomy and cardiology. This led to a series of impor-
tant works. In 1705 he published the Novum vasorum cor-
poris humani systema (“New vessels of the human body”), 
where he gave an accurate description of the lymphatic and 
blood vessels of the heart.33 In particular, he was the first to 
describe small ducts joining the ventricular cavities to the 
coronary vessels. Vieussens called these channels “ducti 
carnosi” (fleshy ducts); as we know today, these channels 
correspond to the capillaries of the coronary arteries. The 
other major work on cardiology was the Traité nouveau de 
la structure et des causes du mouvement naturel du coeur 
(“New treatise on the structure of the heart and the causes 
of its natural motion”), published in 1715, 1 year before his 
death.34 In this work Vieussens described in detail the peri-
cardium, coronary vessels, and muscle fibers of the heart. 
He also described clearly the clinical picture and the find-
ings at autopsy of patients with mitral valve stenosis and 
aortic insufficiency.16,19 This account was one of the major 
contributions to the understanding of the pathophysiology 
of these two clinical conditions.
Vieussens lived in 17th-century France when his 
country, under the rule of Louis XIV, became one of the 
leading powers in Europe. The historical period when 
Vieussens studied and worked was also marked by the 
birth of the scientific method as we conceive it today, 
based on the accurate observation of natural phenomena 
and the experimental reproducibility of these observa-
tions to explain the laws of nature. A generation before 
Vieussens, Galileo set the basis of modern physics, while 
William Harvey provided us with the method of physi-
ology. A contemporary of Newton, Leibniz, and Locke, 
Vieussens shared the scientific spirit of his time.
The Medical School of Montpellier: 
a Rich Cultural Milieu
The Medical School of Montpellier, in southern 
France, is one of the most ancient medical schools in Eu-
rope, second only to the Schola Salernitana (School of 
Salerno) in Italy.10 Medicine was being taught in Montpel-
lier as early as 1181, when Gilhem VIII, lord of the city, 
established the right of teaching medicine. It was in 1289 
that the University of Montpellier was officially founded 
and recognized by Pope Nicholas IV with the bull “Quia 
sapientia.” The newly created university incorporated the 
Schools of Medicine, Theology, and Law and Letters. Dur-
ing the Middle Ages, the School of Medicine increased 
its reputation, combining the teaching of the Jewish and 
Arabic traditions and attracting students from all over Eu-
rope. Important figures of the time were Arnaud de Vil-
leneuve (1240–1311), physician, alchemist, and theologian, 
and Gui de Chauliac (c. 1300–1368), physician, surgeon, 
and author of a well-known treatise on surgery in Latin 
titled Chirurgia Magna.9 During the Renaissance the fac-
ulty of medicine acquired more independence from the 
Church, coming progressively under the influence of the 
state and of the King of France. Possibly because of this 
autonomy, cadaver dissections were routinely carried out 
in Mont pellier as part of the teaching of human anatomy. 
This is confirmed by the building in 1556 of the first ana-
tomical amphitheater in France dedicated to the dissec-
tion of cadaveric specimens. The use of human cadavers 
for anatomical studies was a well-established practice in 
Montpellier, as witnessed by Vieussens himself. In the 
introduction to the Neurographia Universalis, Vieussens 
declared that the aim of his medical profession was to in-
vestigate the causes of diseases by means of “careful dis-
sections of human cadavers, of which I had large avail-
ability.”32
Study of White Matter Anatomy Before Vieussens: 
on the Shoulders of Giants
Andreas Vesalius (1514–1564), the father of modern 
anatomy, was the first to differentiate between the gray and 
white matter of the brain. In his main work, De humani 
corporis fabrica, he distinguished between the softer and 
yellowish cortex and the firmer, whiter substance below it.30 
He also described in detail the corpus callosum and recog-
nized that it connected the 2 hemispheres. We have to wait 
a century after Vesalius before the first attempts to dissect 
and investigate in detail the anatomy of the white matter 
were made.28 Nicolaus Steno (1638–1686) suggested for the 
Fig. 1. Portrait of Raymond de Vieussens. The inscription around 
the portrait says: “Raymond de Vieussens, medical doctor from Mont-
pellier, aged 42.” From Neurographia Universalis, 1684, originally pub-
lished by Joannes Certe.
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first time to follow “the threads through the substance of 
the brain to find out where they go and where they end.”7 
One of the problems at the time was the preparation of the 
cadaveric specimens, as dissection of the white matter was 
technically difficult. This was partially overcome by Mar-
cello Malpighi (1628–1686). Boiling the brains in water, 
he was able to trace the white matter bundles of the brain 
and cerebellum. He was also the first to show, using a mi-
croscope, that the white matter is organized in fibers. After 
Malpighi, Thomas Willis (1621–1675), working in Oxford, 
developed a technique of scraping the white matter to dem-
onstrate the bundles and the intricate arrangements of the 
fibers. Both Malpighi and Willis were directly acknowl-
edged by Vieussens in his Neurographia Universalis.32
Neurographia Universalis
The Neurographia Universalis, hoc est omnium cor-
poris humani nervorum, simul et cerebri, medullaeque 
spinalis descriptio anatomica (“General Neurography, 
that is, the anatomical description of all the nerves of the 
human body, and also of the brain and spinal cord”) was 
published in Lyons in 1684 by the editor Joannes Certe 
(Fig. 2).32 This edition was enriched by beautiful copper-
plate illustrations created by Jacques Beaudeau, who was 
one of the foremost engravers in Montpellier (Fig. 3). The 
treatise is divided in 3 parts: the first volume is dedicated 
to the brain, the second to the spinal cord, and the third to 
the nerves (both intracranial and peripheral). From a meth-
odological point of view, Vieussens adopted the scraping 
method of dissection used by Willis, and improved the 
technique of Malpighi of boiling the brains, using oil in-
stead of water.28 In Chapter 10 of the first volume titled 
“De distinctis duabus cerebri substantiis” (“the two dis-
tinct substances of the brain”), Vieussens clearly differ-
entiated between white and gray matter, highlighting the 
different texture between the two: “The brain is composed 
of two substances, one different from the other: the gray 
and the white matter; the gray, if observed in its natural 
state or after boiling in water or oil, appears to be much 
softer than the white matter.” After heating the brains in 
oil, he was also able to demonstrate that “the white matter 
of the brain…is formed by innumerable fibers connected 
together, and arranged in multiple fascicles; this appears 
evident after it is boiled in oil.” In Chapter 11, “De cere-
bro stricte sumpto” (“the brain considered in strict sense”), 
Vieussens described the hemispheres and the convexity of 
the brain. He gave a detailed account of the corpus callo-
sum (for which he proposed the name of “verum fornix”), 
identifying it as a white matter structure connecting the 2 
halves of the brain. He then illustrated the centrum ovale, 
the oval-shaped white matter lying beneath the cortex and 
surrounding the corpus callosum and the ventricle walls, 
as demonstrated in “tabula VI” of the first volume (Fig. 
4). The introduction of the term “centrum ovale” is one of 
the legacies to the field of neuroanatomy left by Vieussens. 
The method followed by Vieussens in his description of 
the brain anatomy is of a “top to bottom” dissection. Start-
ing from the plane of the centrum ovale, he pursued the 
dissection inferiorly, exposing the lateral ventricles (with 
the foramen of Monro, termed “vulva” by Vieussens), the 
septum pellucidum, the fornix, the third ventricle, and the 
thalami. At this level, Vieussens described the basal gan-
glia region, where he found tracts of white matter inter-
spersed in the gray matter of the nuclei. Vieussens adopted 
the term “corpora striata” (striate bodies) because of the 
presence of white matter fibers. He distinguished between 
superior, middle, and inferior striate bodies, which possi-
bly correspond to the caudate and lenticular nuclei (Fig. 5). 
We note here that the terminology introduced by Vieussens 
regarding the basal ganglia is somewhat obscure, and per-
haps for this reason it was not followed by other authors.7 
Following the fibers caudally, Vieussens was able to dem-
onstrate, for the first time, the continuity of the white mat-
ter through what is known today as the internal capsule, 
down to the pyramidal tracts and the brainstem (Fig. 6). 
The later chapters of the first volume are dedicated to the 
cerebellum and to the so-called medulla oblongata, with 
the first description of the dentate nuclei, the pyramids, and 
the olivary nuclei. Vieussens, following Thomas Willis and 
contrary to modern terminology, used the term “medulla 
oblongata” to indicate the deep white matter of the hemi-
spheres, the thalami, and brainstem.
Despite this accurate and precise anatomical descrip-
tion, the physiological explanation provided by Vieussens 
Fig. 2. Cover of the Neurographia Universalis. From Neurographia 
Universalis, 1684, originally published by Joannes Certe. 
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was still strongly influenced by the theories of the “ani-
mal spirit” of Galen. In Vieussens’ view, the structural 
organization of the white matter fibers, running from the 
centrum ovale to the medulla oblongata and the spinal 
cord, had the purpose of conveying the animal spirit. “It 
is possible to see how the animal spirit…which penetrates 
in the white matter fibers, moves from the anterior re-
gions to the posterior; and through the tracts of white 
matter that run caudally from the posterior part of the 
centrum ovale…[the animal spirit] reaches inferiorly the 
posterior origins of the spinal nerves.”32 Thus, the intri-
cate arrangements of the white matter fibers explain the 
different range of thoughts and emotions that the animal 
spirit can generate. “The white matter is formed by long 
and curved fibers, that are so mixed and interrelated that 
they take the form of a spongy body, that the animal spirit 
permeates in multiple, different and inexplicable ways; so 
that within it [the spirit] undergoes multiple, different and 
inexplicable emotions; because of their different arrange-
ments, different thoughts are generated in the mind.”32
The Legacy of Raymond de Vieussens
The Neurographia Universalis had a great impact on 
the study of neuroanatomy in Vieussens’ time. Along with 
Thomas Willis’ masterpiece, Cerebri anatome (published 
in 1664), it is considered one of the most complete and ac-
curate descriptions of the nervous system from the 17th 
century.35 Many investigators continued Vieussens’ work. 
With a technical improvement, obtained by hardening the 
brain in an alcohol solution, Felix Vicq d’Azir (1748–1794) 
confirmed in his dissections many of Vieussens’ findings.31 
D’Azir also provided a more detailed description of the 
centrum ovale, which he renamed “centrum semiovale.” 
More than a century after Vieussens’ work, Johann Chris-
tian Reil (1759–1813) introduced the term “corona radiata” 
to describe the centrum ovale.7 He clarified the relationship 
and the continuity between the fibers of the centrum ova-
le and the internal capsule and cerebral peduncles, at the 
same time describing the insula and the external capsule.
Surprisingly, the contribution of Vieussens has been 
in part neglected, and he has been rarely cited in the lit-
erature. Relatively few authors were involved in the study 
of white matter pathways during later centuries, notably 
Karl Friedrich Burdach (1776–1847), Pierre-Louis Grati-
olait (1815–1865), and Joseph Jules Dejerine (1849–1917). 
Dejerine also gave the first account of a disconnection 
syndrome, describing a case of alexia without agraphia 
in a patient with a lesion involving the white matter of 
the splenium of the corpus callosum.4 The current stan-
dard for white matter dissection in postmortem human 
Fig. 3. Illustration from the Neurographia Universalis, representing 
the basal aspect of the brain. It is signed by Jacques Beaudeau (left 
inferior corner). From Neurographia Universalis, 1684, originally pub-
lished by Joannes Certe.
Fig. 4. Illustration from the Neurographia Universalis. The human 
brain is sectioned following the “top to bottom” approach used by Vieus-
sens. The gray matter (A) is differentiated from the white matter of the 
centrum ovale (B), surrounding the ventricles, clearly represented. The 
corpus callosum (C), sectioned and displaced forward, is also shown. 
From Neurographia Universalis, 1684, originally published by Joannes 
Certe.
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specimens is the technique developed by Joseph Klingler 
(1888–1966),1,17 who introduced the process of freezing 
previously fixed brains. The ice that forms between the 
fibers separates the white matter fascicles, thereby facili-
tating the dissection. The Klingler method allowed for 
more accurate anatomical investigations, with the clear 
identification of the major white matter fascicles. Few au-
thors performed dissections according to this technique 
until recent years, when a renewed interest in white matter 
connections arose in the neurosurgical community.29 In 
the last decade, several fiber dissection studies have been 
reported, some of these combined with diffusion tensor 
imaging, providing original data.3,6,14,20,23,24 In particular, 
the cortical termination of some controversial fascicles 
has been elucidated.21,27 Continuing the clinicopatho-
logical work inaugurated by Dejerine, different authors 
have also investigated the function of white matter path-
ways, especially using intraoperative subcortical stimula-
tion.2,11,12,26 Such findings have allowed for the proposal 
of new concepts in the organization of the human brain, 
switching from localizationism to hodotopy, with appli-
cations in neurosciences as well as in clinical practice, 
and particularly in neurosurgery, where sparing impor-
tant white matter fascicles is vital in preserving function.8
One further legacy left by Raymond de Vieussens re-
lates to the relationship between science and philosophy. 
The methods of Vieussens’ anatomical investigation have 
been improved on but remain comparable to postmor-
tem dissections performed today. The methods available 
to him for analyzing the functional aspects of the CNS 
were vastly different from those that have been developed 
since. In parallel with this distinction between a compara-
tively stable technology of anatomical investigation and 
rapidly changing technology of functional investigation is 
the distinction between Vieussens’ anatomical and func-
tional theories. His anatomical theories have been refined 
but remain broadly compatible with our modern interpre-
tations. By comparison, his functional theories appear to 
have been surpassed from a modern perspective. In the 
past, medicine adopted a philosophical explanation for bi-
ological processes that could not be otherwise explained 
(for example, the “animal spirit” of Vieussens and Galen). 
The change in this viewpoint originated in technological 
development that only secondarily engendered a philo-
sophical change, rather than the other way around. Vieus-
sens lived in the 17th century, when the modern scientific 
method was at its very beginning. His interest was in an 
organ system in which the methods of investigation ex-
tend from arguably the most constant to the most chang-
ing over the intervening centuries.
Conclusions
Raymond de Vieussens opened the door to investi-
gating the white matter of the brain in humans. His pio-
neering work showed that the white matter is not a ho-
mogeneous and indistinct substance, but rather a complex 
structure, rich with fibers that are interconnected with 
different parts of the brain. These initial results paved the 
way to the advancements observed in later centuries that 
have subsequently found application in so many fields of 
neuroscience.
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